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ly crystallized metal powder consisting of spherical par- 
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pastes, and particularly conductor pastes and the like 
used in the preparation of multilayer ceramic electronic 
parts. 
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Description 



BACKGROUND OF THE INVENTION 
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1 . Field of the Invention 

[0001] The present invention relates to a method for preparing a metal powder suited to use in electronics, and more 
particularly to a method for preparing a highly crystallized metal powder that is useful as a conductive powder for use 
in a conductor paste. 

2. Description of the Related Art 

[00021 A conductive metal powder used in a conductor paste forforming an electronic circuit should contain minimized 
impurities be a fine powder (with an average particle size from no more than 0.1 uxn to about 10 urn), have uniform 

ts particle shape and size, and consist of monodispersed particles with no aggregation. This powder is also required to 
d.spcrse well in a paste, and have good enough crystallinity that it will not sinter unevenly. In particular, when the 
powocr is used to form an internal or external conductor for a multilayer ceramic electronic part, such as a multilayer 
capacitor or multilayer Inductor, it is required to be a fine spherical, low activity, high crystallinity or single-crystal metal 
powcer which is insusceptible to expansion or shrinking due to oxidation and reduction during firing and high sintering 

20 commencement temperature, and which consists of submicron particles having a finely uniform shape and particle 
si/c in order to prevent delamination, cracks and other structural defects and enable the reduction of thefilm thickness 
ot a conductor. 

[00031 Specifically, a multilayer ceramic electronic part is generally prepared by alternately laminating a plurality of 
unl.rcd ceramic green sheet layers of a dielectric material, a magnetic material or the like, and internal conductor paste 

25 layers comprising as a conductive component a powder of a noble metal such as palladium or silver-palladium, or a 
powoer of a base metal such as nickel or copper, and co-firing the laminated layers at a high temperature. When a 
base metal that is susceptible to oxidation is used for the internal conductor, various problems are encountered. For 
instance in the case of using nickel powder as the conductive component in the internal conductor paste, the laminated 
body is heated in an oxidizing atmosphere up to the binder removal step that is usually carried out at a temperature 

30 of about 300 to 600'C, so that the organic vehicle in the paste and the ceramic green sheets has been completely 
burned off During this organic removal step, nickel is slightly oxidized. Then, firing is performed in an inert atmosphere 
or a reducing atmosphere, and a reduction treatment is performed if needed. However, since completely reducing 
nickel powderthat has been oxidized in the binder removal step is very difficult, deterioration in electncal charactenstics, 
such as an increase in resistance results. Also, these oxidation and reduction are accompanied by volumetric expansion 

35 and shrinkage of the electrodes. Because these volumetric changes do not coincide with the sintering shrinkage be- 
havior of the ceramic layer, delamination, cracking, and other such structural defects are apt to occur. Furthermore, a 
nickel powder quickly sinters in a non-oxidizing atmosphere, and provides a discontinuous film of internal conductor 
due to its oversintering, thereby causing problems such as an increased resistivity or internal disruption and resulting 
in an increased conductor thickness, which is contrary to the need for a reduction in thickness of internal conductor 

40 layers made along with an increase in the number of laminated layers in recent years. The above oxidation and overs- 
intering have also caused similar problems in the case where an external conductor is formed by co-finng using a nickel 
paste. Therefore, there is a need for a highly crystallized nickel powder that is resistant to oxidation at least during 
binder removal and has a high sintering commencement temperature. 

[00041 Meanwhile, palladium, which is a noble metal, has a property that it is oxidized at a relatively low temperature 
45 during firing, and is reduced when further heated to a higher temperature, and this leads to structural defects caused 
due to disagreement In sintering and shrinking behavior between the conductor layer and the ceramic layer. Therefore, 
oxidation resistance is desirable with palladium and palladium alloys as well, and in this respect a spherical, highly 
crystallized powder is superior, with a single-crystal powder being particularly good. 

[0005] Spray pyrolysis has heretofore been known as a conventional method for preparing a well-crystallized metal 
so powder such as this. As discussed in Japanese Patent Publication 63-31 522 and elsewhere, spray pyrolysis is a method 
in which a solution containing one or more metal compounds, or a suspension in which these compounds have been 
dispersed is sprayed in the form of fine droplets, and these droplets are heated at a temperature higher than the 
decomposition temperature of the metal compounds, and preferably a temperature near or above the melting points 
of the metals contained in the metal compounds, sothatthe metal compounds are pyrolyzed and metal or alloy powder 
55 is precipitated. This method yields a highly crystallized or single-crystal, high-density, highly dispersible, true-sphencal 
metal powder or alloy powder. Unlike a wet-type reducing method, preparation is easy because there is no need for 
solid-liquid separation, and since no additives or solvents that would affect the purity of the product are used, an 
advantage is that a high-purity powder containing no impurities is obtained. Furthermore, it is easy to control the particle 
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size, and since the composition of the produced particles is basically the same as the composition of the starting metal 
compounds in the solution, it is also easy to control the composition of the produced particles. 
[0006] A problem encountered with this method, however, is that because water or an organic solvent such as alcohol , 
acetone orether is used as a dispersion medium or solventfor making droplets out of the metal compound raw matenal, 

5 there is considerable energy loss during pyrolysis, and the cost is high. Specifically, in this method, pyrolysis of the 
metal compound is carried out simultaneously with the evaporation of the solvent by heating, or pyrolysis of the metal 
compound is carried out after the evaporation of the solvent, but in either case a tremendous amount of energy is 
needed to evaporate the solvent. Also, the droplets are subjected to aggregation or disruption inside the reaction 
vessel which results in a broad particle size distribution in the resulting powder. This makes it difficult to set the spray 

io velocity the droplet concentration in thecarrier gas, the dwelling time in the reaction vessel, and the reaction conditions. 
Particularly, with a powder of a base metal such as nickel, iron, cobalt, or copper, the pyrolysis must be conducted in 
a carefully controlled reducing or weakly reducing atmosphere in order to prevent oxidation. Furthermore, when water 
is used as a solvent, oxidation tends to occur at high temperature because of the oxidizing gas produced by the de- 
composition of the water, and this makes it difficult to obtain a powder with good crystallinity. 

»5 [0007] A method for preparing metal ultra fine particles by a vapor phase process is also well known. For instance, 
to obtain a nickel powder, nickel chloride is vaporized and then reduced bv a reducing gas at a high temperature. 
However, a powder obtained by a precipitation reaction from the vapor phase is prone to aggregation, and furthermore 
it is difficult to control its particle size. It is also impossible to produce an alloy of metals with different vaporization 
pressures in an accurately controlled composition. 

20 [0008] Un ited States Patent 5,976,21 7 discloses a method for reducing metal compound powder, such as tungsten 
oxide powder, by a solid-gas reaction using a reducing agent. This method comprises introducing a metal compound 
powder material along with a reducing gas and optionally a carrier gas into a heated reaction chamber, and passing 
them the chamber along the predetermined paths, wherein the material is subjected to chemical reduction. The reduc- 
tion of the material to be reduced is caused in contact with the reducing gas. Therefore, when the material is provided 

25 in a solid powder state, the contact area between the material and the reducing gas is small as compared with the 
above-mentioned vapor phase process and therefore it is difficult to complete the reduction of the powdered material 
to metal in a short time. Even if a cyclone is used to ensure a longer path or cause explosion of the material particles, 
unreacted or incompletely reduced material still remains, making it difficult to set the suitable processing parameters 
(e.g., the travelling path, the way of feeding the reducing gas, etc.). Further, in this patent there is no mention about 

30 obtaining a uniform spherical metal powder with good crystallinity suited to use in electronics. 

[0009] Japanese Patent Publication 36-91 63 discloses a method for preparing a high-purity metal powder or mixture 
thereof by pyrolyzing a silver, nickel, or copper salt of an organic polybasic acid in air or an inert gas at a relatively low 
temperature namely, 1 00 to 500"C, and also states that a fine metal powder with a particle size of just a few microns 
or less can be obtained by grinding. With this method, though, not only is it impossible to control the particle size 

as precisely but if the material is heated to close to or over the melting point of the metal in an effort to raise crystallinity, 
the particle shapecannot be maintained, and the particle size cannot be brought to just a few microns or less by gnnding. 

SUMMARY OF THE INVENTION 

40 [0010] It is an object of the present invention to obtain a high-purity, high-density, highly dispersible, fine, highly 
crystallized metal powder consisting of spherical particles of uniform size, which is suited to use in thick film pastes, 
and particularly conductor pastes and the like used in the preparation of multilayer ceramic electronic parts. It is another 
object of the present invention to provide a novel method for preparing a metal powder such as this by a low-cost and 
simple procedure. 

45 [001 1] Specifically, the present invention resides in a method for preparing a highly crystallized metal powder, com- 
prising: 

supplying at least one heat-decomposable metal compound powder into a reaction vessel using a carrier gas; and 
forming a metal powder by heating the metal compound powder in a state in which the metal compound powder 
so is dispersed in the gas phase at a concentration of no more than 10 g/liter, at a temperature that is over the 

decomposition temperature of the metal compound powder and at least (T m - 200)°C when the melting point of 
the metal contained in the metal compound powder is Tm°C. 

[0012] The present invention also resides in the above-mentioned method for preparing a highly crystallized metal 
55 powder, wherein the metal compound powder is a homogeneous mixed powder or a composite powder of a metal 
compound or compounds including two or more metal elements, and the metai powder is an alloy powder 
[0013] The present invention also resides in a highly crystallized metal powder prepared by the above-mentioned 
method a conductor paste including this highly crystallized metal powder, and a multilayer ceramic electronic part in 
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which a conductor layer is formed using the above-mentioned conductor paste. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [0014] There are no particular restrictions on the metal powder prepared with this method, but this method is partic- 
ularly well suited to the prepare of a powder of a base metal such as copper, nickel, cobalt, or iron, or of a noble metal 
powder such as silver, palladium, gold : or platinum. A mixed powder or alloy powder comprising a plurality of metals 
can be obtained through appropriate selection of the raw material metal compound powder or powders. The term "metal 
powder" as used in the present invention encompasses these mixed powders and alloy powders. 

10 [0015] The heat-decomposable metal compound powder used as the raw material of the metal powder can be an 
inorganic compound, such as a hydroxide, nitrate, sulfate, carbonate, oxynitrate, oxysulfate, chloride, oxide, ammonium 
complex, or phosphate, or it can be an organic compound, such as a carboxylate, resinate, sulfonate, acetylacetonate, 
or metal mono- or polyhydric alcoholate. A hydroxide, carbonate, carboxylate, resinate, acetylacetonate, alcoholate, 
or the like is preferable here because there will be no harmful by-products after pyrolysis. 

15 [0016] A mixture of two or more metal compound powders can also be used as the raw material powder. 

[0017] When an alloy powder is prepared, raw material powders for the alloy component metals may simply be 
uniformly mixed in the required compositional ratio, but it is preferable to use a composite powder in which a plurality 
of metal components have already been compounded so as to be included in the specified compositional ratio in each 
particle of the raw material powder. This compounding can be accomplished by a method in which the metal compound 

20 powders that serve as the raw materials are mixed ahead of time, and then heat treated until the composition is uniform, 
and then pulverized, or a known method such as a sol-gel method or co-precipitation method. A double salt, complex 
salt, metal double oxide, or the like may also be used. 

[0018] In the method of this invention, it is assumed that one metal or alloy particle is formed from one particle of 
the raw material heat-decomposable metal compound. Therefore, the size of the resulting metal particles is substan- 

25 tially proportional to the particle size of the raw material powder although the proportion thereof depends on the kind 
of the metal compound. Therefore, to obtain a metal powder with a uniform particle size, a metal compound powder 
with a uniform particle size is used. If the particle size distribution of the raw material powder is wide, it is preferable 
to adjust the particle size by pulverization, grinding, or classification with a pulverizer or classifier prior to dispersing 
the material powder in the gas phase. 

30 [0019] It is important in the present invention that the solid metal compound powder be pyrolyzed in a state of being 
dispersed in the gas phase. Furthermore, inside the reaction vessel, the raw material powder must be pyrolyzed in a 
state of being dispersed at a concentration low enough that particles of the raw material powder and particles of the 
product powder do not collide with each other. Accordingly, the concentration of the metal compound in the gas phase 
must be 1 0 g/liter or less. If the concentration is above this, collisions between the particles will prevent a metal powder 

35 with a uniform particle size from being obtained. The dispersion concentration may be appropriately determined de- 
pending on the type of the dispersing device or the pyrolyzing device. There are no particular restrictions on the con- 
centration, as long as it is 10 g/liter or less. However, if the metal compound concentration is too low in the gas phase, 
production efficiency will also be low. Therefore, at least 0.01 g/liter is usually preferable. 

[0020] There are no particular restrictions on the means for dispersing the raw material powder in the gas phase, 
40 and any ordinary dispersing device can be used. In order to conduct the pyrolysis while maintaining the above-men- 
tioned low concentration dispersion state, for example, a tubular reaction vessel heated from the outside is used, the 
raw material powder is supplied from one opening along with a carrier gas at a constant flow rate and made to pass 
through the reaction vessel, and the metal powder produced by pyrolysis is recovered at the other opening. The flow 
rate of a mixture of the raw material powder and the carrier gas and the time for the mixture to pass through the reaction 
45 vessel is set depending on the devices used so that the powder will be fully heated at the desired temperature. The 
heating may be from the outside of the reaction vessel, using an electric furnace, gas furnace, or the like, or a fuel gas 
may be supplied to the reaction vessel to use the combustion flame thereof. 

[0021] In the case of preparing a noble metal powder, there are no particular restrictions on the carrier gas, and an 
oxidizing gas (e.g., air, oxygen, water vapor, etc.), an inert gas (e.g., nitrogen, argon, etc.), or a mixture of these can 
so be used. In the case of preparing a base metal such as nickel or copper, which is susceptible to oxidation, an inert gas 
is used and such an inert gas may be used in combination with a reducing gas, such as hydrogen, carbon monoxide, 
or methane, in order to carry the pyrolysis in a somewhat reducing atmosphere and to thereby effectively preventing 
the oxidation of the metal powder. 

[0022] One of the characteristics of the present invention is that there is no need for precise adjustment of the at- 
55 mosphere during heating. Especially, in the case of base metal, if the raw material is a metal compound capable of 
producing carbon monoxide, hydrogen, methane, or the like when pyrolyzed in an inert gas, and thereby creating a 
reducing atmosphere, then a metal powder with almost no oxidation will be obtained without any need to supply a 
reducing gas from the outside to the reaction system. For example, when a nickel powder is prepared by conventional 
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spray pyrolysis using an aqueous solution, a reducing gas usually must be Introduced in a precisely controlled amount 
in order to prevent the oxidation of the nickel. With the method of the present invention, however, when nickel acetate 
or another carboxylate powder is used for the raw material and pyrolysis is conducted in a nitrogen atmosphere, for 
example, the decomposition of the carboxylic acid radicals generates carbon monoxide and hydrogen, and the inside 
of the reactor becomes a reducing atmosphere, so a nickel powder with almost no oxidation is obtained. 
[0023] The metal powder obtained with the method of the present invention consists of spherical primary particles 
of uniform size and with no aggregation. Also, the crystallinity is good, there are few defects inside the particles, and 
substantially no grain boundaries are included. This means that activity is low even though the powder is very fine. In 
particular, even readily oxidizable metals such as nickel, iron, cobalt, copper, and other such base metals or palladium 
can be stored stably in air because of their insusceptibility to oxidation, and this oxidation resistance is preserved even 
at high temperatures. Therefore, when the powder is used in a conductor paste for an internal or external conductor 
of a multilayer capacitor, there will be no increase in resistance due to the oxidation of the conductive metal, and no 
delamination, cracking or other such structural defects attributable to oxidation and reduction during firing, thereby 
allowing a capacitor with outstanding characteristics to be prepared. 

[0024] If the melting point of the target metal or alloy is Tm°C, a spherical highly crystallized metal powder will not 
be obtained if the heating temperature is lower than (Tm - 200) Q C. In particular, in order to obtain true-spherical single- 
crystal metal powder particles with a smooth surface, it is preferable for the heating to be performed at or above the 
melting point of the target metal or alloy. If oxides, nitrides, carbides, or the like are produced by this metal during or 
after the pyrolysis, then the heating must be performed under the conditions causing the decomposition of these oxides, 
nitrides, or carbides. 

[0025] The present invention will now be described in specific terms through examples and comparative examples. 
Example 1 

[0026] A powder of nickel acetate tetrahydrate was supplied to a jet mill at a feed rate of 5 kg/hr, and was pulverized 
and dispersed by nitrogen gas flowing at a rate of 200 liter/min. The thus obtained powder had an average particle 
size of 1 .0 urn and a maximum particle size of 3.0 um. The concentration of the nickel acetate tetrahydrate powder in 
the gas phase was 0.4 g/liter. At this power concentration, the gas-solid mixture thus obtained was introduced into a 
reaction tube inside an electric furnace heated to 1550°C, where it was heated and decomposed, and the produced 
powder was collected using a bag filter. 

[0027] The powder thus obtained was analyzed by an X-ray diffractometer, which revealed it to be a metallic nickel 
single-crystal powder. This powder was also observed under a scanning electron microscope(SEM), which revealed 
the powder to consist of true-spherical particles that were free from aggregation, with an average particle size of 0.5 
ujti and a maximum particle size of 2.0 u.m. Thermogravimetric analysis was performed in air, but no oxidation occurred 
up to 350°C. A polycrystalline nickel powder with an average particle size of 0.5 jim obtained by a wet method has an 
oxidation temperature of 250°C, so it can be seen that the nickel powder of the present invention is a stable powder. 

Examples 2 and 3 

[0028] Nickel powders were prepared in the same manner as in Example 1 , except that the temperature of the electric 
furnace was changed to 1300°C and 1650°C, respectively. Table 1 shows the characteristics of the powders thus 
obtained. 

Example 4 

[0029] A nickel powder was prepared in the same manner as in Example 1 , except that the feed rate of the nickel 
acetate tetrahydrate powder into the jet mill was changed to 62.5 kg/hr., the nickel acetate tetrahydrate powder intro- 
duced into the reaction tube had an average particle size of about 2.5 ujti and a maximum particle size of about 6.0 
\um, and the nickel acetate tetrahydrate powder concentration in the gas phase was 5.0 g/liter. Table 1 shows the 
characteristics of the powder thus obtained. 

Examples 5 and 6 

[0030] Nickel powders were prepared in the same manner as in Example 1, except that nickel formate dihydrate 
powder and nickel oxalate dihydrate powder were used, respectively, in place of the nickel acetate tetrahydrate powder. 
Table 1 shows the characteristics of the powders thus obtained. 
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Comparative Example 1 

100311 A nickel powder was prepared in the same manner as in Example 1 , except that the feed rate of the nickel 
Lcetete te^Xd ate powder info the jet mil. was changed to 150 kg/hr., the nickel acetate tetrahydrate powder .ntro- 
5 ducedlnto the reaction tube had an average particle sfce of about 5.0 urn, and the nickel acetate tetrahydrate powde 
tSSSSZSSSL Phasewas 12.0 g/liter. The powderthus obtained was observed by SEM.wh^hrev^d^ 
numerous particles of high crystallinity had fused together into huge particles of .regular shape, and the parole s.ze 
distribution was wide. 

10 Comparative Example 2 

r00321 A nickel powder was prepared in the same manner as in Example 1 , except that the temperature of the electric 
um2e was changed to 110 0«C. The powder thus obtained had an irregu.ar shape and had a wide parole s,ze d«- 
IS^shown in Table 1 . and was' an agglomerate of microcrystals, in which the crystalling was tow. Ox,dat,on 
is resistance was also low. 

Example 7 

100331 A nickel acetate tetrahydrate powder and a copper acetate powder were mixed in advance such thai .the 
20 St ratio of the meta. components was Ni:Cu = 7:3, and a powder was prepared from th B m,xture by the same 

PO?^ The ISwde'r thus obtained was examined by X-,ay diffraction, which revealed it to be a single-crystal nickel- 
copper alloy. Table 1 shows the characteristics. 

25 Example 8 

[0035] A powder was prepared by the same method as in Example 1 . except that a powder of palladium chloride 
was used ai the naw material, the concentration of the powder dispersed in the gas phase was changed t MX g/lrter. 
T was used as the pulverization gas and the earner gas, and the temperature of the electnc furnace was changed to 

30 Jo 6 0°3°6] C ' The powder thus obtained was examined by X-ray diffraction, which revealed it to be a single-crystal powder 
of metallic palladium. Table 1 shows the characteristics. 

Example 9 

35 r00371 A palladium chloride powder and a silver acetate powder were mixed in advance such that the weight ratio 
of thPmetaf components was Pd:Ag = 2:8, and a palladium-silver alloy single^-ystal powder was prepared from th.s 
S^JZTnSLod as in Sample 8, except that the concentration of the powder £g~dta .he gas phase 
was changed to 0.4 g/liter and the temperature of the electnc furnace was changed to 1400 C. Table 1 shows the 

40 characteristics. 

Comparative Example 3 

100381 A powder was prepared by the same method as in Example 9, except that the temperature of the electric 
45 Ce was' chan g rte9^C. As shown In Table 1 . the powder thus obtained was a mixture of a pa.lad.um ox.de 

ssr Tc^rrrm^ — . - — b * 

superior with the palladium-silver alloy powder obtained with the present invention. 
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phase at a relatively high concentration, so efficiency* ; better. preparation of 

~^e5=~ e :_ - 

highly reliable. 
Claims 

1 . A method for preparing a highly crystallized metal powder, comprising: 

supplying at least one heat-decomposable metal compound powder into a reaction vesse. using a carrier gas; 

2== SSSS3SSSE3 

of the metal contained in the metal compound powder is Tm°C. 
two or more metal elements, and the metal powder is an alloy powder, 
copper. 

an inert gas is used as the metal compound powder. 
5. The method for preparing a nighty crystallized metal powder according to Calm 4, wherein the metal compound 

powder is a metal carboxylate powder. 
6 The method for preparing a highly crysta.lized metal powder according to Claim 1 or 2, wherein the metal powder 

is a palladium powder or an alloy powder containing palladium. 

7. A highly crystallized metal powder prepared by the method according to any of Claims 1 to 6. 

8. A conductor paste containing the highly ciystallized metal powder according to Claim 7. 

' 9 . A muftiiayer ceramic electronic part in which a conductor .ayer is formed using the conductor paste according to 



Claim 8. 
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